Objective: Abdominal pain and concern for appendicitis are common chief complaints in patients presenting to the pediatric emergency department (PED). Although many professional organizations recommend decreasing use of computed tomography (CT) and choosing ultrasound as first-line imaging for pediatric appendicitis, significant variability persists in imaging utilization. This study investigated practice variation across children's hospitals in the diagnostic imaging evaluation of appendicitis and determined hospital-level characteristics associated with the likelihood of ultrasound as the first imaging modality.
to practitioners that radiation exposure in children may have negative long-term health implications such as increased risk of malignancy. 2 The American Academy of Pediatrics (AAP) 2013 "Choosing Wisely" campaign also questioned the need for computed tomography (CT) for routine evaluation of pediatric abdominal pain. 3 As an alternative, ultrasound has demonstrated utility for the diagnosis of appendicitis. 4, 5 With a skilled ultrasonographer, the sensitivity and specificity of ultrasound are as high as 88 and 94%, respectively. 6 Additionally, ultrasound is a relatively rapidly performed test that does not involve exposure to ionizing radiation. In 2010, the American College of Emergency Physicians (ACEP) published guidelines regarding the diagnosis of appendicitis and recommended, "Given the concern over exposing children to ionizing radiation, consider using ultrasound as the initial imaging modality. In cases in which the diagnosis remains uncertain after ultrasound, CT may be performed." However, the guidelines cautioned that ultrasound is best used for confirming the presence of appendicitis and not necessarily adequate to rule out appendicitis. 7 Many hospitals have created pathways to evaluate patients with abdominal pain suspicious for appendicitis using clinical history and examination followed by ultrasound, with CT reserved for inconclusive cases. [8] [9] [10] These pathways have been demonstrated to be safe and effective, also decreasing both length and cost of hospitalization. [8] [9] [10] [11] [12] [13] Still, there is significant variability in imaging utilization in U.S. pediatric hospitals which is associated with increased cost and length of stay (LOS). 14 Few studies focus specifically on factors affecting imaging for suspected appendicitis. 15 Several retrospective studies in children and adults have demonstrated that factors associated with CT being ordered as the first imaging modality for suspected appendicitis include older age, female sex, the level of risk aversion of the ED provider, initial presentation to a community hospital, and presentation to the ED at nighttime. [16] [17] [18] [19] Conversely, presentation to an ED that has an affiliation with a pediatric center or teaching hospital and presentation to an urban ED are associated with increased likelihood of ultrasound being ordered as the first imaging modality. 20, 21 Further complicating the diagnostic process, wide variability also exists in ED's access to ultrasonography. A recent survey of 684 EDs demonstrated that 41% of EDs were asked to limit their ordering of ultrasound by the radiology department. 22 To date, there are no published multicenter investigations examining imaging practices for presumed appendicitis compared to resource availability in the PED.
Thus, we aimed to understand the relationship between resource availability and choice of first imaging modality for suspected appendicitis in pediatric EDs. Our hypothesis was that across children's hospitals, there is significant variation in resource availability and practices aimed at decreasing variation in the diagnostic evaluation of suspected appendicitis. We described the breadth of variation in institutional practice and resource availability and analyzed the effect of various resource availability on our primary outcome of the choice of first diagnostic imaging test for acute appendicitis.
PATIENTS AND METHODS

Study Design
This was a multicenter (seven children's hospitals) retrospective investigation of the factors associated with radiologic ordering practices of PED in the diagnosis and management of suspected appendicitis. The study was approved by the human subjects research committee at each site. Data collection consisted of a retrospective chart review of patients diagnosed in the PED with appendicitis, as well as a survey of the medical directors regarding hospital resource availability, usual practices, and departmental-level characteristics.
The chart review was performed for patients diagnosed with appendicitis (International Classification of Diseases, 9th Revision, Clinical Modification: 540.0, 540.1, 540.9) in the PED. A total of 160 charts from each institution were reviewed consecutively going back from August 1, 2013 (with the exception of one institution where 128 consecutive charts were reviewed due to a change from paper charting to electronic medical records [EMR] making further chart review not feasible). Data were extracted from institutional EMR or from manual paper chart review (if no EMR had been implemented) and then aggregated in a central database. During the study period, there was no specific ordering protocol in place for the diagnosis of appendicitis. Choice of imaging was at the discretion of the individual practitioner.
Inclusion and Exclusion Criteria
Patients were eligible for inclusion if they were age 3-18 years, did not have imaging prior to the current PED presentation, and were taken to the operating room for appendectomy within 24 hours of initial ED presentation.
Patients without an ED charge during their index encounter were excluded to limit analysis to patients receiving their diagnostic workup and treatment at the same hospital. Patients were also excluded if they had history of past major abdominal surgery, were pregnant, or were managed nonoperatively (did not go to the operating room within 24 hours).
Measurements
The primary outcome variable for this study, first diagnostic imaging study ordered (CT, ultrasound, or none) was determined by chart review. The primary predictor, availability of 24-hour in-house ultrasound, was determined by survey of site medical directors (blinded to any case results)
Patient-level covariates were collected via chart review including imaging types (ultrasound or CT and, if CT, what type of contrast was used), imaging results for ultrasound (was appendix visualized and, if not, were there other secondary signs of appendicitis), and imaging results for CT (positive, negative, inconclusive). Patient demographics (age in years, sex, weight) were collected. PED LOS was calculated for patients when available.
Site-level covariates were determined by a departmental survey completed by PED medical directors to assess information regarding resource utilization. Information collected included type of hospital (community or academic), whether the hospital was a freestanding children's hospital or part of a larger medical center, availability of in-house ultrasound (and during what hours), presence of an in-house surgical team and type of coverage (attending level or house staff), annual patient volume for the PED, whether radiology residents read imaging studies at night, and the type of CT scan usually ordered in the evaluation of appendicitis (intravenous [IV] contrast only or oral [PO] and IV contrast).
Data Analysis
Variables collected from the retrospective chart review were summarized using descriptive statistics for each hospital and then compared across hospitals using chi-square tests for categorical variables and KruskalWallis for continuous variables. Descriptive statistics were also used to summarize department resource availability.
We generated unadjusted odds ratios (ORs) with 95% confidence intervals (CIs) for the likelihood of obtaining a CT scan as first imaging using generalized linear mixed-effects models clustering on hospital. Since we were interested in measuring the association between many hospital-level characteristics and initial imaging modality, but only had data from seven hospitals, we could not use traditional multivariable models. Consequently, we developed classification and regression tree (CART) models to perform dimensional reduction and identify distinct groups of hospital characteristics that were associated with the choice of initial imaging modality using nonparametric conditional inference trees. We then used hospital groupings provided by the CART models in a generalized mixedeffects model clustering on hospital.
All analyses were performed using SAS v.9.4 except for the CART model which was performed in R 3.2.0 using the "party" package. p-values < 0.05 were considered statistically significant.
RESULTS
Overall, 1,090 patients with PED-diagnosed appendicitis were included for analysis. Patient demographics and hospital-level factors site are described in Table 1 ; across sites, patients did not differ by sex, age, or weight. All participating hospitals were tertiary care centers with patient volume ranging from 35,000 to 79,566 patient visits/year. All PEDs had access to ultrasonography 24 hours a day, but four of seven hospitals did not have 24-hour in-house ultrasound, requiring technicians to be called in from home after hours. At these four PEDs, in-house availability ranged from 10.5 hours to 21 hours per day on weekdays and 0 to 14 hours per day on weekends.
Almost a quarter (n = 244, 22.4%) of patients had CT scan as first imaging with a range of 2.5% to 96.9% across institutions. More than half (n = 615, 56.4%) of patients who were diagnosed in the PED with appendicitis had ultrasound as initial imaging, range of 2.5% to 96.9% across institutions. Sixteen percent of those who had ultrasound as first imaging required subsequent CT scan for final diagnosis (range = 0.6%-20.5%; Figure 1 ).
Information regarding choice of imaging by time of day of presentation is presented in Figure 2 (hospitals that have 24-hour in-house ultrasound) and Figure 3 (hospitals that do not have 24-hour in-house ultrasound). For all sites, as expected, the majority of patients presented between 8:00 AM and midnight.
Ultrasound results were available for 610 of 615 patients who had ultrasonography as first imaging. Of these, 447 (73.3%) had an appendix visualized. A total of 433 (96.9%) were considered positive for appendicitis. The appendix was not visualized for 163 (26.7%) of patients. Of patients without the appendix visualized on ultrasound, 48 (29.5%) had secondary signs of appendicitis, 31 (19%) were labeled indeterminate, and 84 (51.5%) did not have secondary signs of appendicitis ( Table 2 ). Negative appendectomy rates by type of first imaging are presented in Table 3 .
PED median LOS were similar if CT (n = 244, median LOS = 301 minutes [interquartile range {IQR} = 215-394 minutes]) or ultrasound (n = 615, median LOS = 291 minutes [IQR = 217-372 minutes]) was performed as first imaging. However, in comparison to these patients who received imaging, LOS was less for patients who did not have any imaging while in the ED but were taken to the operating room directly for appendectomy (n = 231, median LOS = 190 minutes [IQR = 152-261 minutes], p < 0.001).
In bivariate analyses (Table 4) of patients who received imaging in the evaluation of their appendicitis (n = 860), the only hospital-level resource factor that was associated with an increased likelihood of CT as first imaging was the lack of availability of 24-hour inhouse ultrasound (OR = 29.2, 95% CI = 1.2-691.8).
Because hospital F performed a disproportionately higher number of CT scans as first imaging than the other six institutions, a subanalysis was also performed excluding their data. This subanalysis confirmed the association of lack of availability of 24-hour in-house ultrasound with choice of CT as first imaging (OR = 9.6, 95% CI = 1.1-82.1). In the subanalysis, CT scans were also more likely to be ordered if a resident radiologist read the studies at night (OR = 9.6, 95% CI = 1.1-82.1)
In a separate analysis (Table 4 ) of all patients with appendicitis (including those who did not undergo imaging, n = 1,090), patients were more likely to have any imaging (ultrasound or CT) if hospitals had 24-hour in-house ultrasound (OR = 1.2, 95% CI = 1-1.5) and if radiology residents were not responsible for reading ultrasound studies at night (OR = 1.3, 95% CI = 1.1-1.5). The subgroup excluding hospital F had similar results for both variables with identical ORs for both variables (OR = 1.2, 95% CI = 1-1.7) A CART analysis of hospital factors affecting the likelihood of receiving CT scan as first imaging found three variables with significant impact (Figure 4 ). Availability of 24-hour in-house ultrasound was the most predictive variable. A total of 2.4% of patients who presented to hospitals with 24-hour ultrasound and CT protocols that included IV and PO contrast had CT scan performed as first imaging. In comparison, 97.1% of patients who presented to a hospital without 24 in-house ultrasound that was not a freestanding children's hospital had CT scan as first imaging (adjusted OR = 1433.5, 95% CI = 346.9-5922.9). A total of 46.6% of patients who presented to a hospital that was a freestanding children's hospital but had a CT protocol for PO and IV contrast also had CT scan as first imaging (OR = 37.8, 95% CI = 14.2-100.6). In the subgroup excluding hospital F, availability of 24-hour in-house ultrasound and CT protocols including PO and IV contrast were again predictive of ultrasound as first imaging. In the subanalysis, the variable of being a freestanding children's hospital was not significant.
DISCUSSION
Our study is the first to examine the effect of hospital system-level factors on the choice of diagnostic imaging for the evaluation of appendicitis. In this analysis of 1,090 patients in U.S. PEDs, we demonstrated significant practice variation across seven PEDs in choice of first imaging (CT vs. ultrasound) for the diagnosis of appendicitis as well as wide variation in hospital resource availability. A recent study of Canadian EDs also found similar significant practice variation in the choice of diagnostic imaging, but with a higher overall ultrasound rate (67% vs. our finding of 56.4%) and lower CT rate (3.6% vs. our finding of 22.4%). 23 Our results highlight that despite recommendations from multiple professional organizations including AAP (2013) and ACEP (2010), a large percentage of patients in the United States still have CT as part of their initial evaluation (44.6% in this study) of appendicitis. 3, 4, 7 While prior studies have focused on associations with patient-level characteristics or specific types of EDs, our investigation found that the single best hospital-level predictor of ultrasound as first imaging was if the PED had access to 24-hour in-house ultrasound. In the multivariable analysis, lack of 24-hour ultrasound and a CT protocol requiring IV contrast only were the best combined predictors of CT choice as first imaging. Patients were more likely to have any imaging (CT or ultrasound) if they presented to an institution that had 24-hour in-house ultrasound or an institution where attending radiologists (not residents) provided initial radiology results.
Although all PEDs had access to ultrasound at all times, the PEDs that required providers to call in technicians from home after hours had significantly higher rates of CT scan for appendicitis. For those sites, the hours during which a tech would need to be called in from home ranged from 3 to 24 hours. Medical providers in these PEDs potentially face the challenge of needing to alter their imaging choice practices based on the time of day as well as the delay in diagnosis and initiating definitive medical care if they wait for the technician to come in from home. Recent data suggest that delaying appendectomy overnight while administering IV antibiotics may be safe in nonperforated cases of appendicitis and that many cases of uncomplicated pediatric appendicitis may be treated nonoperatively with IV antibiotics alone. [24] [25] [26] Our investigation did not correlate time of diagnosis from imaging to time of surgery. Although opportunities may exist to delay imaging to daytime hours, it is clear that even at sites where ultrasound is available during the daytime that CT scan use is still high and standardizing how daytime imaging is ordered at these sites may be the greatest opportunity to decrease radiation exposure.
Our results demonstrate that the variation in imaging choice for diagnosis of appendicitis may not be caused by patient characteristics or physician preference, but rather by hospital system resource availability. If physicians are to adhere to imaging recommendations favoring ultrasound over CT as initial imaging in the evaluation of suspected appendicitis, then having on-call ultrasound does not appear to be adequate. To decrease CT use, hospitals should consider having ultrasonographers in house 24 hours a day. Additionally, ultrasound as a diagnostic tool is somewhat dependent on the skill level of the sonographer and the radiologist reading the images, and 24-hour coverage may provide more opportunity to hone this skill and would likely yield higher accuracy over time.
Recently, an emerging body of literature suggests that MRI may also be a useful and accurate tool for the diagnosis of appendicitis in children. [27] [28] [29] A diagnostic strategy using clinical examination followed by ultrasound and then MRI in equivocal cases have been demonstrated to have a sensitivity of 96% and sensitivity of 100%. 30 At the time of our study, none of the involved institutions were regularly using MRI for the diagnosis of appendicitis. However, as the availability of and familiarity with rapid MRI for appendicitis increases, this may also become an excellent way to reduce radiation when evaluating children with abdominal pain.
LIMITATIONS
Our study had several important limitations. This study is of PEDs only, and the results may not be applicable to general EDs or to the adult population. We were unable to use traditional multivariable models when measuring the association between hospitallevel characteristics and initial imaging modality because only seven hospitals provided data for analysis. We attempted to perform data reduction techniques (i.e., CART) due to the small hospital size.
One of the seven institutions in this study ordered a disproportionate amount of CT scans when compared to the other six. In an attempt to confirm our results in the presence of this extreme outlier, a subgroup analysis was performed excluding data from this hospital. Significant variables from the final analysis were confirmed with the subgroup analysis. Although our study may not have been powered to detect all important differences, the significant differences that we did find were, in fact, significant differences. Due to differences in EMRs at the different hospital sites (and in some instances change from paper charting to EMR), we were unable to collect many patientlevel characteristics that have been included in prior investigations (such as duration of fever, laboratory results, location of pain). The goal of our investigation was to investigate hospital resource availability and choice of imaging modality for suspected appendicitis, but our investigation was unable to assess patient level factors (such as symptomatology) that might also have an impact on the decision-making process.
Given the retrospective nature of this investigation, we did not have access to information from each PED provider on why they chose each initial imaging study. For example, some institutions have a full surgical consultation prior to ordering imaging, and the ED provider may be simply following their recommendations. In addition, it is possible that the level of suspicion for appendicitis might impact a provider's choice of imaging study. For example, some providers might be more or less likely to order a CT scan when symptoms of appendicitis are more clear. We also were unable to collect data regarding why some patients went straight to the operating room for appendectomy. Finally, also due to limitations in the EMR at the different sites, our study examined patients with the diagnosis of appendicitis and did not examine all patients with abdominal pain and possible appendicitis. We were unable to determine the radiologic imaging patterns for the patients who were determined to have a nonappendicitis etiology of their symptoms.
CONCLUSION
Significant practice variation exists regarding diagnostic imaging in the evaluation of patients with appendicitis. Across children's hospitals, variation exists in the availability of hospital-level resources that may significantly affect the diagnostic evaluation of patients with appendicitis. The availability of 24-hour in-house ultrasound significantly increases the likelihood of ultrasound as first imaging and decreases CT scan use for appendicitis and thereby may reduce radiation exposure for children with abdominal pain concerning for appendicitis. Hospitals aiming to increase the use of ultrasound should consider adding 24-hour in-house coverage.
